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ABSTRACT 

This study is a continuation of the investigations in the use of automatic- 
throttle compensation systems. The previous investigations demonstrated 
the capability of such systems in alleviating the problems of aircraft speed 
instability in the carrier landing approach. The feasibility of adapting the 
system with sensed-input variables of angle-of -attack and normal accelera- 
tion to the condition of field landings with flare was investigated. An analy- 
sis of the ground effect prevalent in fiefcf*Andings was performed and the 
significant influences on aircraft response were included in the investiga- 
tion. The desired airspeed control with zero rate of descent at touchdown 
was obtained by incorporating additional commands in the basic auto-throttle 
device during the flare maneuver. The analog computer was utilized for 
problem simulation. 

This investigation was performed by LG DR Robert L. iEliclv, USN y at the 
U. S. Naval Postgraduate School, Monterey, California. 
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1 . 



Introduction. 



This study is a continuation of the investigations being conducted at 
the U. S. Naval Postgraduate School on automatic-throttle compensation 
systems. The previous studies conducted by Lieutenant Commander G. R. 

Bell [l] , and Lieutenant R. E. Evans and Captain R. H. Schuppe [2] were 
presented in 1963 and 1964 respectively. 

As shown in Ref. 1 and Ref„ 2 automatic-throttle compensation system 
utilizing various sensed-input variables are capable of alleviating the speed 
instability difficulties of modem supersonic aircraft during carrier landing 
approaches. One such system utilizes angle-of-attack change and change 
in acceleration normal to glide slope for commands to initiate the proper 
change in engine thrust. The purpose of this investigation was to determine 
the feasibility of adapting this system to the condition of normal field land- 
ing which is terminated with a flare maneuver to the touchdown. It is pro- 
posed that by incorporating additional commands to the basic auto-throttle 
system during the flare maneuver, a decrease in airspeed to a desired min- 
imum at touchdown can be accomplished simultaneously with zero rate-of- 
descent. 

The linearized, full equations of motion derived from small perturba- 
tion theory were used for this analysis. The coefficients in the equations 
were assumed constant except for those directly affected by the aircraft 
flying in close proximity to the ground. The influence of ground effect on 
the dynamic stability due to the varying coefficients was investigated and 
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was included in this study. 



The vehicle used in this and the previous studies is the Navy swept 
wing fighter, F-8. The Dpnner 3100 Analog Computer with associated equip- 
ment was utilized to simulate the aircraft motion and maneuvering response 
with the proposed auto-throttle device. 

2, Basic Automatic-throttle ( o< - n) System. 

The type of automatic-throttle controller presently used in the Navy 
F-8 is Specialties, Inc. Automatic-Power Compensator, (APC), which utilizes 
sensed-input variables of angle-of-attack, CX , and normal acceleration, n, 
for engine thrust command. A block diagram, typical of this system is shown 
in Figure 1. For the design application of this system, constant glide slope 
and airspeed are desired throughout the approach and the two sensed vari- 
ables of instantenous angle-of-attack and acceleration normal to the glide 
slope in "g" units are the engine command functions. The use of these 
variables as the command functions for airspeed control is evident from the 
relationship: 

L = n'w = ~^pV 2 S C L 

n'W = V 2 S C Lq< o< 

oT T / ° v W°L <* 

= Const, (V^) 

From this equality, a n'd increase of velocity results from a positive normal 
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acceleration increment and a velocity decrease results from a positive angle- 
of-attack increment. Thus, the normal acceleration in "g" units and angle- 
of -attack are inputs which are converted into the thrust command by the 
system computer utilizing chosen gain and time factors. The resulting change 
of thrust from the engine acts as a forcing function to the airframe modes of 
motion appropriately changing the aircraft velocity. The APC computer in- 
directly controls the aircraft velocity through the equations: 

AT = K w Ao< + K n An' 
since A V = K.pAT v 

therefore, AV = K^Ao(+ K^n' 

where the K values are the appropriate shaping, filtering and simulation 
networks. 

The transfer function for the thrust command as specified by Specials ^ . 
ties,.- Inc. is: r 



AT = i 1 

c d + r e s) (i+7- s s) 



CK 



K . Kl 
+ —z- + — 



1 + 7^ S S 



1 + S 



CX 



Kn 

l+7- n S 



n 



where, 

7" -o.2 sec (throttle servo time constant) 

s 

7^ - 0.5 sec (angle of attack filter time constant) 

?e - 1.2 sec (engine time lag) 

7" n - 1. 0 sec (normal acceleration filter time constant) 
- 570 lb/deg. (angle-of-attack displacement gain) 
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K# - 190 lb^deg-sec (angle-of-attack intergral gain) 

K/ - 1, 100 lb/deg (angle-of-attack gain) 

K n - 19, 400 lb/"g" (normal acceleration gain) 

As evidenced from the transfer function, the effect of increasing the 
instantaneous angle-of-attack results in an opening of the throttle and an 
increase of thrust, and a decrease in thrust is obtained for a decrease in 
angle-of-attack. An increment of normal acceleration is seen as a negative 

ts 

element in the transfer function with the effect of decreasing the thrust for 

a 

a postive "g" perturbation and increasing the thrust for a negative "g" per- 
turbation. Ref. 1, 2, and 3 support the validity of this auto-throttle device 
for use in carrier landing approaches. 

3o Discussion of Auto-throttle System in Field Landings. 

In the field landing phase, it is desired that just prior to touchdown 
the vertical kinetic energy be dissipated and the horizontal kinetic energy 
be a minimum contingent on the minimum safe airspeed. Thus, structural 
damage and wear and tear on aircraft components will be minimized along 
with the advantage of using shorter runways. From the pilots point of view, 
these results are attained by application of elevator to flare the aircraft as 
necessary to decelerate to the desired touchdown airspeed with zero rate- 
of -descent. 

It is proposed that the o< - n auto-throttle system can be utilized to 
accomplish the desired airspeed control by incorporating a supplementary 
circuit in the designed APC. For the purpose of this investigation, it was 
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assumed that the F-8 aircraft was making an Instrument Landing System (ILS) 
approach with a four degree glide slope on the recommended approach speed 
of 1.2 VgL =139 Kt. commencing a flare at 100 ft. above the ground, approx- 
imately eight seconds prior to touchdown. The desired airspeed for touch- 
down was 1. 05 VgL = 123 Kt. or 209 ft/sec. 

Since it is mandatory that the auto-throttle system be unchanged up 
to the flare maneuver, it was decided that the proposed supplementary cir- 
cuit of the APC be separately energized at this point. This circuit would 
supply the auto-throttle device with additional angle-of-attack and/or normal 
acceleration signals changing the error signals received. Thus, in effect a 
new base for the auto-throttle system is created. The error signal changes 
shall be referred to as "biasing’’ throughout the remainder of this study. 

The method of applying the angle-of-attack bias was determined from 
the equation describing the change in pitching moment coefficient from 
straight to rotational flight: 

A C™ = C 4o< + c m AT) + C m q 
m m Tj ' m q M 

Assuming that the change in moment is zero and neglecting the change in 
moment due to rate of pitch, q, the resulting equation is: 

= - C mrj Arj 

m cx 

A o< ~ Const. ( ATj ) 

Thus, the angle-of-attack bias was experimentally utilized as some percent- 
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age of A Tj . 

Since it has been previously determined that the average pilot pulls 
a maximum of + 0. 2 g above the 1 g steady state condition during the flare 
maneuver (Vj, the normal acceleration bias was experimentally utilized as 
a percentage of 0.2 g. 

4o Equations of Motion. 

The basic three degree of freedom longitudinal equations of motion 
based on body axes used for this analysis are shown below. These equations 
were derived from linearized theory based on small disturbances from a ref- 
erence steady state flight condition. Full derivation and definitions are 
included as Appendix I. The equations are shown in the dimensional form 
necessary for analog simulation. 

X FORCE: 

u - — -H- u - 0( + g cos © 0 = % A T 

m m m 



Z FORCE: 



Zu 

mU 0 



u + o< 




m 



JLzl 

mU c 



V 



MOMENT EQUATION: 

M u M^ 

=- u 

B B 



cx 




CK + 0 - 






The values of the dimensional stability derivatives and aircraft parameters 
as obtained from Ref. 3 are included as Table I and Table II respectively. 
5. Ground Effect. 

The principal effects of the ground on a nearby aircraft are increases 
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of the slope of the lift curves of the wing and tail and a decrease in the 
downwash at the tail. These changes result from the constraint of the 
vortex patterns at and behind the wing. The effects may be approximated 
by superimposing an image vortex system, as shown below, beneath the 
ground having induced velocities of necessary magnitude to satisfy the 
boundary condition of no flow across the ground plane*. This method of 
approximation utilizes only the trailing vortices as it is normally considered 
that the bound vortex patterns cancel each other. The trailing image vortex 
will decrease the downwash at the tail and decrease the downwash in the 
tail and wing planes which increases the slopes of the lift curves. 




states that the lift is equal to the density times velocity times circulation 
or 

L = yoV V lb/ft. of span 

^Andrews, E. J. , Notes on Simplified Ground Effect Analysis. U. S. 
Naval Postgraduate School, Monterey, California 
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Thus the local lift coefficient is: 



C, = 



_ 



v r 

Y/oV 2 c 



= _2 X. 



c V 



For an airfoil with uniform span loading with the associated trailing vortices 
a distance Kb apart, where b is the span, the induced velocity at the aircraft 
centerline is: 

w = 2 



r 



477 Kb/2 



Since the downwash, € , is defined as then 



€ = 



r 



2l7T\J Kb/2 
C} c 



4 77 Kb/2 

Therefore, the change in downwash with respect to the change in the local 

Resolving the induced velocities 
from the image vortex system into the vertical plane at the aircraft centerline 
results in: 



lift coefficient is proportional to — ^ — 

Kb/2 



w 



w - 





2 r 


i Kb/2 1 


Arr 


[l K 2 b ) z+(2d >f 


|[(f) 2 + (2d)2ji j 



C c V 



4 7T 






^-J Z +(2d) 2 j 



€ = 



C 1 cV 

4 7T [(^) 2 + (2d) 2 J 



d€ _ c 



Kb/2 



dC 



4 77 



(P)* + ( 2d ) 2 
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